Using a quantitative descriptive research design, the learner characteristics of preferred learning strategy and verbal-visual preferences of 291 working engineers were studied in relation to the demographics of gender, age, job position, ethnicity, native country, and native language. Learning strategy and verbal-visual preferences were measured with the ATLAS and the VerbalVisual Learning Style Rating instruments, respectively. The overall learning strategy preference profile for the engineers was 26.8% Navigators, 57.7% Problem Solvers, and 14.4% Engagers. This profile is statistically significantly different from the established distribution for the general population which is an approximately even split among the three strategy types. This suggests that learning content for engineers should include problem solving. The overall verbal-visual preference profile was 4.1% more verbal, 46.0% no strong preference, and 49.1% more visual. This profile is also statistically different from the general population and suggests learning content for engineers should include highly visual instructional materials. This paper reports on the relationships found between learner characteristics and demographics. It also includes recommendations for instructional practice and future research.
Introduction
Effective continuing professional development of engineers is critical to ensure proper skills, procedures, and knowledge are learned to facilitate safe, efficient, and environmentally-friendly operations with minimal unplanned downtime. 1 One way to address effective professional development design is through attention to learner preferences. Research has shown that engineering students have different learner preferences compared to the general population. 2 However, in an extensive review of available literature, no studies were found reporting on the learner preferences of working engineers. Thus, it appeared that while much research discussed effectively educating engineering university students, very little is available in the literature on the continuing education of working engineers. This is not surprising as engineering disciplines have received relatively little attention from learning sciences researchers. 3 This situation defined the need for the present study.
The importance of continuing engineering education (CEE) has been well documented and supported by several relevant institutions. A number of U.K. government agencies have recommended CEE. 4 A report by the U.S. National Academy of Engineering (2005) recommended that engineering institutions teach students how to be lifelong learners. 5 An important finding of that study was the importance of addressing how students learn in addition to what they learn and called for more research into engineering education. This includes how to better serve students with different learning styles and how to determine instructional approaches that excite and motivate them.
One way to address individual differences in how students learn and to personalize learning options is through the concept of learning style. Learning style, also referred to as psychological type, 6 refers to how students prefer to receive and process information. 7 Numerous previous studies have considered learning styles for engineering students (e.g., [2] ), but none were found Page 26.1061.2 in the published literature for working engineers. This lack of information and its potentially detrimental effects on lifelong learning for working engineers provided impetus for this study.
The purpose of this study was to describe the learning strategy and verbal-visual preferences of working engineers, and the relationships of those preferences to selected demographic variables.
The following research questions guided this study:
1.
What are the learning strategy and verbal-visual preference profiles for working engineers? 2.
How do the learning strategy and verbal-visual preferences of working engineers compare to the norms for the general population? 3.
What are the relationships of working engineers' learning strategy and verbal-visual preferences to the demographic variables of gender, age, employer, ethnicity, native country, and native language.
A final goal of the study was to discuss the findings relating to these questions in a framework of implications for further research and for instructional practice in continuing engineering education.
Learner Preferences
Two aspects of learner preferences are considered next: learning strategy preference and verbalvisual preference.
Learning Strategy Preference
One way to address individual differences in how students learn and to personalize learning options is through the concept of learning style. Learning style (also referred to as psychological type 6, 8 ) refers to how students preferentially perceive (e.g., sensory vs. intuitive and verbally vs. visually), organize (e.g., inductive vs. deductive), process (e.g., actively vs. reflectively), and progressively understand (e.g., sequentially vs. globally) 9 information. These styles are relatively stable and concern cognitive, affective and psychological behaviors about how learners perceive, interact with, and respond to a learning environment. 9 Numerous previous studies have considered learning styles for engineering students. One example is a study of a small sample of engineering students at the University of Texas. 10 In that study, Kolb's Learning Style Inventory (LSI) 11 comprising four learning styles (convergent, divergent, assimilation, and accommodation) 12 was used to determine the students' learning styles. The overwhelming majority was almost equally split between convergers (learning style characterized by problem solving, decision-making, and practical application of ideas) and assimilators (learning style characterized by inductive reasoning and the ability to create theoretical models). Another example study was done at the University of Cincinnati under a grant from the U.S. National Science Foundation. 13 Again, most engineering students were found to be assimilators or convergers. This was comparable to other studies that found the learning styles of engineering students were statistically significantly different from those of the general population. Another example study using Kolb's LSI to determine the learning styles of engineering students at Atilim University in Turkey found that assimilators were predominant. 14 In another study that also used Kolb's LSI, engineering students at Morgan State University were predominantly assimilators. 15 Larkin-Hein and Budny gave specific instructional design Page 26.1061.3
recommendations for each type of learning style for engineering students. 16 However, Holvikivi argued that despite its popularity, the use of learning styles testing in engineering education is poorly understood. 17 Another problem with learning styles is that they have been defined and tested in a variety of ways which makes it difficult to compare studies and generalize results. 18 An additional problem with learning styles as they are frequently defined and measured by instruments such as the LSI is a lack of practicality and feasibility in designing and implementing differentiated instruction to accommodate various styles. The styles are so conceptually complex that many instructors are reluctant to use them to differentiate their instructional strategies.
A potentially beneficial alternative to the standard definitions and assessments for learning styles is known as learning strategies. Learning strategy preferences, like traditional learning styles, are important characteristics that vary among learners. Conti and Fellenz (1991, p. 1) defined learning strategies as "techniques or skills that an individual elects to use in order to accomplish a learning task." 19 Learning styles are believed to be stable and deeply ingrained processes for processing information. 20, 21 In contrast, learning strategies are believed to be less rigid and are more related to personal preferences and choices made by learners during learning tasks. Additionally, learning strategies as identified by Conti and his associates can be easily assessed and lend themselves to simple and practical instructional adjustments and alternatives to accommodate the needs of individual learners. Learning strategy preference is thus a potentially important learner variable 25 that could be used by instructors to enhance students' learning experiences. 18 Learning strategy preferences were not found to have been previously measured for working engineers.
Through a complex and lengthy process, Conti and his associates developed and validated the instrument known as Assessing The Learning Strategies of AdultS or ATLAS. This instrument was used in the present study to assess preferred learning strategies. An important advantage of ATLAS is that it is simple to administer and is currently the generally-accepted method for measuring learning strategy preferences. 18 Three distinct learning strategy groups were identified: Navigators, Problem Solvers, and Engagers. 26 Navigators plan their learning and focus on completing the necessary activities to achieve their goals. Order and structure are important to these learners, who tend to be logical, objective, and perfectionists. They want clear objectives and expectations at the beginning of a course and in advance of activities, such as in an explicit and detailed syllabus and precisely defined assignments and learning activities. Problem Solvers are critical thinkers who like to explore multiple alternatives. For them, the learning process is important so they need flexibility in completing learning activities. They may have difficulty making decisions because finalizing activities means they have to make a choice among multiple viable alternatives and because the exploration process which they enjoy must come to an end. This may cause them to appear to procrastinate in making decisions because they do not want the process to end. Engagers are more affective learners who enjoy learning they perceive to be fun or personally beneficial. They are interested in building relationships with both teachers and fellow students during learning, which means they typically enjoy group activities. The emotional aspect of learning is important to Engagers. The distribution of the three ATLAS strategy preferences in the general population is relatively evenly distributed: 36.5% Navigators, 31.7% Problem Solvers, and 31.8% Engagers. Research has suggested that different professions may have different learning strategy preference profiles. For example, Birzer and Nolan (2002) found that law enforcement personnel had a distinctive profile compared to the general population in a comparison of known population norms to the preferred learning strategies of urban police in a Midwestern city. 27 They found there were some differences between those working in community policing environments and those who did not. Police involved in community policing tended to be Problem Solvers. Ausburn and Brown (2006) studied career and technical education students and found that most were Engagers. 28 To date there have not been any studies to determine the ATLAS-defined learning strategy preferences of engineers, the occupational group of interest here.
Verbal-Visual Preference
A major dimension of learning or cognitive style with implications for instructional design is the verbalizer-visualizer dimension. 29, 30 Unfortunately, there is no consensus on terminology for this dimension as it has been called a cognitive style, a learning style, and a learning preference. 31 However, it has generally been accepted that "Visualizers tend to think more concretely, use imagery, and personalize information. While learning they prefer graphs, diagrams, or pictures added to text-based material. Verbalizers prefer to process information from words, either by reading or listening, rather than through images" (Jonassen & Grabowski, p. 191) . 32 Learners who have no strong preference for either verbal or visual processing are referred to as flexible stylists, also called bimodal or mixed processors. 33 More visual learners may approach learning tasks with visual learning strategies, while more verbal learners may use more verbal strategies. 34 When given a choice, verbalizers tend to select more verbal content and visualizers tend to select more visual content. 35 Individual preferences and strengths in the visual-verbal typology have significant implications for designing differentiated instruction and thus may be of considerable interest to those tasked with designing content for continuing engineering education.
Many instruments have been developed to measure the verbal-visual cognitive style. Richardson (1977) developed a 15-item questionnaire called VVQ (verbal and visual questions). 36 His research showed 15 to 25% of people tested fell into what he called either habitual verbalizers or habitual visualizers, with the balance in between. He recommended using 15% verbalizers and 15% visualizers with the balance in between for research purposes. Felder and Silverman (1988) wrote a frequently-cited paper on learning and teaching styles in engineering education. 9 One of the five dimensions they discussed included visual-auditory. To facilitate verbal-visual style research, an instrument was developed that is a self-scoring 44-item questionnaire called the Index of Learning Styles (ILS). 37 Montgomery (1995) used the ILS instrument to sample the learning styles of 143 students in an introductory sophomore-level chemical engineering class. 38 She found that 69% were visual and 30% were verbal (1% were reported as None). Multimedia software was developed for the course, in part because multimedia software favors visual learners which were the overwhelming majority of the students. Closer to the population of interest in the present study, Rosati (1999) used the ILS to sample a large group (N = 858) of engineering students at the University of Western Ontario and found that 80% were visual (89% of males were visual, 69% of females). 39 The verbal-visual preference of the balance of the 20% of the participants was not reported. Kirkham, Farkas, and Lidstrom (2006) found that 85% of the University of Washington engineering students taking a particular class were visual as determined using the ILS. 40 The verbal-visual preference of the balance of the 15% of the participants was not reported.
Page 26.1061.5
The verbalizer-visualizer preference was measured in the present study by the Verbal-Visual Learning Style Rating (VVLSR) established by Mayer and Massa (2003) . This preference represents the perceptual cognitive aspect of adult learning styles, 41 addressing individual choices in the preferred modality for perceiving and processing information. This instrument was validated against a number of other instruments and was used here because of its simplicity (a single question) for administration and interpretation. It was used in this study to examine possible relationships between perceptual/cognitive learning preferences and demographics.
Methodology
This study used a quantitative descriptive design based on survey methodology, 42 which uses instruments such as questionnaires to collect information from one or more groups of subjects. 43 Participants (N = 291) were working engineers who were either: employees from many organizations taking professional development courses at the John Zink Institute between September 2012 and October 2014 (N = 176) or employees of the John Zink Company (N = 115) participating in a research study described elsewhere. 44 These engineers were sampled to determine their learning strategy preferences and verbal-visual cognitive styles. Three instruments were used: a demographics questionnaire, ATLAS, and the VVLSR. The demographics questionnaire was used to collect information such as gender, age range, employer, ethnicity, native language, and native country. It should be noted that not all of the surveys used in this study included ethnicity, native language, and native country; missing data are clearly indicated on the data tables reported below. The comprehensive survey incorporating all three individual surveys is shown in the Appendix. The surveys were completely voluntary and anonymous and all data were maintained with strict confidentiality and security by the principal researcher.
Paper copies of the surveys were given to participants taking continuing education courses offered at the John Zink Institute (www.johnzinkinstitute.edu). The surveys were distributed to all students in a given class and then collected by the lead researcher or by the Institute Administrator. Paper copies of the surveys given to John Zink employees were collected by assistants and not by the researchers. All data were then entered into the SPSS statistical program, version 22, for analysis using descriptive statistics and chi-square analyses.
The diversity and distribution of the study sample on the obtained demographic variables are presented in the descriptive tables below. Table 1 shows the gender and age distributions of the sample. Females represented 18% and males 81% of the total sample. Over half of the respondents were between 26 and 45 years of age. As shown in Table 2 , nearly all of the respondents worked in industry. Table 3 presents some cultural information about the respondents including ethnicity, native country, and native language. As previously noted, this information was not requested on many of the surveys which is why so many were "missing." Most respondents were Caucasian/White with Asian as the next most reported. In the Other/Multiple category, of those that specified, students reported (1) Arab, (1) Jamaican, (1) Native American, and (1) West Indian. One respondent did not report their Other/Multiple ethnicity. The participants were approximately evenly split between those born in and outside of the U.S.A. In the Other category, students reported native countries of (1) Argentina, (1) Australia, (2) Belgium, (11) Brazil, (11) Canada, 
Results and Discussion
The study's research questions were addressed by the following analyses and findings. Page 26.1061.8
Learning Strategy Preference Table 4 shows data on the learning strategy preferences for the working engineers in this study. The overall distribution of the three ATLAS strategy groups for the engineers was significantly different (χ 2 = 99.172, df = 2, p = 0.000) from the general population norms of approximately equal frequencies among the three style groups. The engineers had more problem solvers fewer navigators, and even fewer engagers than the norms for the general population.
There were also differences in learning strategy preference distributions by gender among the engineers in this study. The distribution of learning strategy preferences for males was statistically significantly different from that for females (χ 2 = 9.074, df = 2, p = 0.011). Additionally, the distribution of learning strategy preferences for males was strongly statistically different (χ 2 = 106.502, df = 2, p = 0.000) from the general population norms, while the distribution for females was not (χ 2 = 2.482, df = 2, p = 0.289). Thus, the distinctive occupational pattern of dominance of the problem solver style and minimization of the engager style observed among the engineers appeared to be gender-related, occurring more strongly among the males. Table 5 shows learning strategy preference by age range for this study. The distributions of learning strategy preferences by age range were not statistically significantly different from each other (χ 2 = 8.780, df = 2, p = 0.553). However, most age ranges presented distributions that were different from general distribution norms for ATLAS. The distribution of learning strategy preferences for ages <26 was not quite statistically different (χ 2 = 5.788, df = 2, p = 0.055) compared to the general population distribution norms for ATLAS. The distribution of learning strategy preferences for ages 26-35 (χ 2 = 30.220, df = 2, p = 0.000); 36-45 (χ 2 = 21.210, df = 2, p = 0.000; 46-55 (χ 2 = 34.253, df = 2, p = 0.000); and 56-65 (χ 2 = 15.658, df = 2, p = 0.000) were strongly statistically different compared to the general population. Not enough data were collected for ages >65 to compare against the general population. Thus it appeared that the occupational pattern of dominance of the problem solver style and minimization of the engager style was generally consistent across age ranges among the working engineers. Table 6 shows a comparison of learning strategy distributions by ethnicity among the subset of engineers (N = 80) for whom this variable was measured. There were only enough participants in the Asian and Caucasian/White categories for a valid chi-square statistical analysis. There was no statistically significant difference (χ 2 = 4.590, df = 2, p = 0.101) between those two categories.
However, while there was no statistically significant difference (χ 2 = 2.215, df = 2, p = 0.330) between Asians and the general population, there was a strong statistically significant difference (χ 2 = 14.744, df = 2, p = 0.001) between Caucasian/White and the general population. Overall, the results for the issue of relationships of ethnicity to learning strategy preferences among the engineers were inconclusive. Table 6 Learning strategy preference by ethnicity (N = 80).
Navigator
Problem Solver Engager Total ATLAS distribution norms. There was no statistically significant difference (χ 2 = 0.241, df = 2, p = 0.886) between those whose native language was English compared to those whose native language was not English. There was a strongly statistically significant difference between both those engineers whose native language was English (χ 2 = 17.905, df = 2, p = 0.000) and those whose native language was not English (χ 2 = 32.647, df = 2, p = 0.000) compared to the general population. Thus the occupational pattern of dominance of the problem solver style and mitigation of the engager style appeared to cross cultural boundaries and to be independent of the cultural factors of country of birth and native language. Table 7 Learning strategy preference by native country and native language (N = 172).
Problem Solver Engager Total Verbal-Visual Preference Table 8 shows the verbal-visual cognitive style preferences for the total sample and by gender for this study. Overall, the verbal-visual distribution was strongly statistically different (χ 2 = 274.800, df = 2, p = 0.000) from the one recommended by Richardson for the general population for research purposes (i.e., 15% verbalizers, 15% visualizers, 70% in between). The distribution for the engineers favored neutral and visual styles, with a very low percentage of verbalizers. Additionally, there was an unexpected strong statistically significant difference in the distribution of verbal-visual preferences of males compared to females (χ 2 = 13.236, df = 5, p = 0.021), with females presenting the stronger visual preference. There was a strong statistically significant difference in the distribution of verbal-visual preferences of males (χ 2 = 185.138, df = 2, p = 0.000) compared to Richardson's recommended distribution for the general population. There were no females who reported More Verbal so a valid chi-squared analysis could not be Page 26.1061.11
done to compare against Richardson's distribution. Overall, it appeared the engineers demonstrated an occupational preference for visual and mixed cognitive styles, and visual preference was particularly evident among the females. This may suggest that females who choose to enter the engineering profession differ from the cognitive style patterns of the more general population of females who often present stronger verbal preference than males. Table 9 shows learning strategy preference by age range for this study. The distributions of verbal-visual preferences by age range were not statistically significantly different from each other (χ 2 = 9.155, df = 2, p = 0.517), demonstrating neutral and visual preference across age groups for the occupation. The distribution of learning strategy preferences for ages <26 (χ 2 = 75.412, df = 2, p = 0.000); 26-35 (χ 2 = 77.368, df = 2, p = 0.000); 36-45 (χ 2 = 37.049, df = 2, p = 0.000); and 46-55 (χ 2 = 58.101, df = 2, p = 0.000) were all strongly statistically different compared to Richardson's profile, with minimal verbalizers. No analyses could be done for ages 56-65 and >65 as there were no participants who selected More Verbal. Table 9 Verbal-visual preference by age range (N = 285).
Age
More Verbal Neutral More Visual Total Caucasian/White groups which were not statistically significantly different from each other (χ 2 = 5.597, df = 5, p = 0.347). The Asians sampled were statistically significantly different (χ 2 = 12.756, df = 2, p = 0.002) than Richardson's profile. A chi-squared analysis could not be conducted on the Caucasian/White group because of the lack of participants selecting More Verbal. Thus, as for the gender demographic, the analysis for verbal-visual preference by ethnicity was inconclusive. Table 11 shows a comparison of verbal-visual distributions by native country and native language. There was no statistically significant difference (χ 2 = 3.846, df = 2, p = 0.572) between those participants whose native country was the U.S.A. compared to those whose native country was not the U.S.A. There was a strong statistical difference for engineers both born in the U.S.A. (χ 2 = 57.334, df = 2, p = 0.000) and outside the U.S.A. (χ 2 = 48.958, df = 2, p = 0.000) compared to Richardson's profile. There was no statistically significant difference (χ 2 = 0.888, df = 2, p = 0.971) between those participants whose native language was English compared to those whose native language was not English. There was a strong statistical difference for engineers both whose native language is English (χ 2 = 58.209, df = 2, p = 0.000) and is not English (χ 2 = 48.096, df = 2, p = 0.000) compared to Richardson's profile. Thus, as for the gender demographic, an occupational preference for neutral and more visual styles appeared to cross cultural lines of nationality and language and to be independent of these cultural factors. Missing 118
Conclusions and Recommendations
The results of this study point to two major findings. First the preferred learning strategy profile of the working engineers in the study was significantly different from the general population norms established for ATLAS, and was somewhat different by gender. The profile presented was characterized by strong preference for the problem solver style and minimization of the engager style. This preference was particularly strong among the male engineers. While results for ethnicity were inconclusive due to sampling issues, the preference patterns were clearly observed across age groups and across the cultural lines of birth country and native language. The observed preference for the problem solver learning strategy in the working engineers was not surprising, for, as Sheppard et al. (2009) wrote, "Engineering practice is, in its essence, problem solving." 45 With the exception of gender, the findings for the engineers support Conti's report of no statistically significant differences associated with any demographic variables such as gender or race. 26 Second, similar to the learning strategy profile of the working engineers, the verbal-visual cognitive style preferences presented clear patterns and some differences by gender. Mixedneutral and visual styles were preferred to more verbal ones, and this was most clearly present among the females. Also like the learning strategy profile, the neutral and more visual preferences were observed across age groups and across the cultural boundaries of birth nation and native language.
These findings of clear preference patterns of learning strategies and verbal-visual styles for the working engineers have an important implication for engineering as an occupation. The observed preferences appear to cross the lines of demographics and to characterize the occupation as a whole. Even the gender differences observed are ordinal rather than disordinal in nature, with the Page 26.1061.14 same preference patterns observed in both genders, just more strongly in one gender. This leads directly to the possibility that the engineering occupation may have identifiable learning characteristics that set it apart as a profession and can guide its instructional designers. The guiding principles may be attributable to the profession (engineering) rather than to most types of demographics.
This conclusion would have major implications for the instructional strategies used to teach engineers, i.e. implications for the how to teach and not what to teach. Felder and Silverman (1988) recommended that teachers use techniques to address a range of learning styles to enhance learning. 9 Similarly, Rutz and Westheider (2006) recommended that teachers use a variety of instructional methods to engage all learners. 13 This study would support those recommendations. While the study identified some clear learning preferences among working engineers, it also found individual differences in both learning strategies and cognitive styles. This suggests that a range of techniques should be used with working engineers. It suggests that instructors might expect to have all three ATLAS groups (Navigators, Problem Solvers, and Engagers) in their classes and should understand the learning approaches favored by all three groups and be able to teach effectively to accommodate all of their students. Similarly, instructional designers and instructors for working engineering need to incorporate a full range of verbal-visual preferences to maximize learning in their classes and materials.
However, while variety in learning approaches and materials is both supported and recommended, this study suggests there may be occupational patterns in learning preferences among working engineers that can be used to guide and focus many instructional design decisions. It is recommended that designers and instructors become particularly familiar with the strategies that appeal to and facilitate learners with problem solving styles. These learners need to explore multiple resources and learning paths. They dislike forced choices and multiple choice alternatives, want to seek their own explorations, and may resist closure when they feel there are additional alternatives to investigate. Problem solvers enjoy the process of learning, like to work in their own time frames, and may avoid group work if they feel they are being confined by others. They may need the instructor's guidance to avoid wandering off-track and encouragement to seek closure decisions when necessary.
Given the observed preference for mixed and visual cognitive styles, it is also recommended that designers and instructors for working engineers develop their knowledge and skills with a variety of multimedia formats. These formats, including high resolution photography, video, animation, and virtual reality, offer many opportunities to incorporate more visual information into instructional materials. 
Verbal-Visual Preference
In a learning situation, sometimes information is presented verbally (e.g., with printed or spoken words) and sometimes information is presented visually (e.g., with labeled illustrations, graphs, or narrated animations). Please place a check mark indicating your learning preference. 
Learning Strategy Preference
Please complete the ATLAS assessment and then mark the result (Place ONE check mark next to your learning strategy preference):
○ Navigator ○ Problem Solver ○ Engager
The description of your learning strategy group in the ATLAS "Groups of Learners (page 2 of the ATLAS instrument) is reasonably accurate in describing you as a learner. 
